processes such as nutrient cycling, plant productivity and the maintenance of plant 23 species diversity. However, how plant species diversity and identity affect soil microbial 24 diversity and community composition is largely unknown. We tested whether, over the 25 course of 11 years, distinct soil bacterial communities developed under plant 26 monocultures and mixtures, and if over this timeframe plants with a monoculture or 27 mixture history changed in the microbial communities they associated with. For eight 28 species, we grew offspring of plants that had been grown for 11 years in the same 29 monocultures or mixtures (monoculture-or mixture-type plants) in pots inoculated with 30 microbes extracted from the monoculture and mixture soils. After five months of growth 31 in the glasshouse, we collected rhizosphere soil from each plant and used 16S-rRNA gene 32 sequencing to determine the community composition and diversity of the bacterial 33 communities. Microbial community structure in the plant rhizosphere was primarily 34 determined by soil legacy (monoculture vs. mixture soil) and by plant species identity, 35 but not by plant legacy (monoculture-vs. mixture-type plants). In seven out of the eight 36 plant species bacterial abundance was larger when inoculated with microbes from 37 mixture soil. We conclude that plant diversity can strongly affect belowground 38 community composition and diversity, feeding back to the assemblage of rhizosphere 39 microbial communities in newly establishing plants. Thereby our work demonstrates that 40 concerns for plant biodiversity loss are also concerns for soil biodiversity loss. replicates for the eight plant species but using seeds without the above-mentioned 170 legacies (seeds from Rieger-Hofmann GmbH, Blaufelden-Raboldshausen, Germany). 171
The trap cultures consisted of 2 L pots filled with an autoclaved (120° C for 99 min) 172 sand-soil mixture (4:1) and planted with several trap plant individuals (surface-sterilized 173 seeds pre-germinated on 1 % water-agar) per species and pot ( Fig. 1) . At the same time as 174 the planting each trap culture received 250 ml of microbial wash. After five months of 175 growth in the glasshouse we pooled the soils of the replicated trap cultures per plant 176 species and soil legacy (monoculture or mixture soil). Trap plant roots were cut into 3-5 177 cm fragments and used together with the soil as inoculum in the pot experiment as 178 described below. 179
| Setup of the pot experiment in the glasshouse 180
We filled 1-L pots with 5.6 dl of gamma-radiated (27-53 kGy) 1:1 (w/w) sand/soil 181 mixture (RICOTER Erdaufbereitung AG) and added 0.8 dl inoculum from three sources 182 (see Fig. 1 Inc., Heidelberg, Germany). 60 ng of each sample were pooled and paired-end sequenced 223
(2 x 300 bp) on the Illumina MiSeq 300 system (Beijing Genomics Institute, Bejing, 224 China). Short-reads were deposited at SRA (accession number SRP105254). Table  240 S3). OTU abundances were finally obtained by counting the number of sequences 241 (merged and filtered) matching to the OTU sequences (usearch with the parameters -242 usearch_global -strand plus -id 0.97, Edgar, 2013, Table S4 ). Three samples (Sample77, 243 Sample265, and Sample364) were removed from all further analysis because they had 244 very low counts (6, 12, and 1 counts in total). OTUs annotated as chloroplast were 245 removed to avoid a potential bias caused by plant DNA. To avoid sequencing artifacts, 246
OTU sequences with less than 50 counts in total or with counts in less than five samples 247 were removed from all further analyses (4'339 OTUs remained after this filter). 248 OTUs with an adjusted P-value (false discovery rate, FDR) below 0.01 and a minimal 265 log2 fold-change (i.e., the difference between the log2 transformed, normalized OTU 266 counts) of 1 were considered to be differentially abundant (Table S5) . Normalized OTU 267 counts were calculated accordingly with DESeq2 and log2(x+1)-transformed to obtain 268 the normalized OTU abundances. Sequencing data were not rarefied (McMurdie &  269 Holmes, 2014). 270
| Data normalization and identification of differentially abundant OTUs

| Enrichment and depletion of microbial phyla 271
To test for enrichment/depletion of microbial phyla occurrences in a given set of 272
OTUs (e.g., OTUs with significant difference in abundance between monoculture and 273 mixture soils), we constructed for each phylum a contingency table with the 274 within/outside phyla counts for the given set of OTUs and all OTUs passing the filter. We 275 then tested for significance with Fisher's exact test. P-values were adjusted for multiple 276 testing (Benjamini-Hochberg), and phyla with an adjusted P-value (false discovery rate, 277 FDR) below 0.05 were considered to be significantly enriched/depleted (Table S7) . 278
| RESULTS 279
Amplification of 16S rRNA gene fragments yielded an initial set of 10'205 280 operational taxonomic units (OTUs, Supplemental File S1, Tables S3 and S4). After 281 removing OTUs with similarity to chloroplast sequences (87 OTUs) and low-abundance 282
OTUs (5'780 OTUs), 4'339 OTUs remained. Of these, 3'975 and 41 were classified as 283 bacteria and archaea, respectively (194 remained unclassified). Within the bacterial 284 domain, the ten most abundant phyla accounted for 86.7 % of all OTUs (Table S6); they  285 were Proteobacteria (35.4 %), Bacteroidetes (10.5 %), Planctomycetes (8.9 %), 286 Chloroflexi (7.1 %), Actinobacteria (4.7 %), Verrucomicrobia (4.7 %), Acidobacteria 287 (4.5 %), Gemmatimonadetes (4.3 %), Parcubacteria (3.3 %) and Firmicutes (3.2 %). 288
To evaluate the overall differences between the microbiomes of the different soil 289 legacies, plant species and plant legacies, we conducted a redundancy analysis (RDA, 290
Oksanen et al., 2017) using the normalized OTU abundances as response variables and 291 the treatment factors with all interactions as explanatory terms (Fig. 2) . The two first 292 RDA axes explained 17.4 % of the overall variance and separated the control soil from 293 the monoculture and mixture soils. An exception was "Sample492", which grouped 294 among the samples from the control soil, even though it came from a microbial soil (see 295 Fig. 2 ). This sample was therefore removed as outlier from all subsequent analyses. 296
Nonetheless, the result clearly indicated that soils with live inocula had rhizosphere 297 communities that were clearly distinct from the rhizosphere communities that developed 298 in control soil. 299
To characterize the overall impact of the treatment factors on microbial diversity, 300
we analyzed the variation in OTU richness among the different treatments (Fig. 3 , Table  301 1). Microbial richness was always higher in the microbial soils than in the control soil, 302 but differences in richness between monoculture and mixture soils were not significant. 303
However, the interactions of these two contrasts with plant species identity were both 304 significant. This indicates that the overall microbial community diversity was primarily 305 determined by the combination of soil-legacy treatments and plant species identity. 306
To identify the OTUs that contributed to the differences in the microbial 307 communities, we tested each OTU for differential abundance between the different soil 308 legacies, plant species identities and plant legacies. We therefore combined the three 309 experimental treatments into a single factor and compared specific conditions with linear 310 contrasts (see Methods for details). Out of the 4'339 OTUs tested, 2'091 showed one or 311 several significant comparisons (Table 2) . Comparisons between the different soil-legacy 312 treatments were often significant (e.g., 972 OTUs were different between the control soil 313 and the microbial soils). Likewise, contrasts comparing each plant species to all other 314 plant species were frequently significant (e.g., 498 OTUs were different between F. rubra 315 and all other plant species). In agreement with the significant interaction between soil-316 legacy treatments and plant species identities in the analysis of microbial richness, the 317 number and identity of the OTUs identified as significantly differentially abundant 318 between soil-legacy treatments or among plant species identities varied if they were 319 tested within a given plant species or soil-legacy treatment, respectively (Fig. 4, Fig. S1  320 and S2). The contrasts comparing the two plant legacies across the entire data set, within 321 microbial soil legacies (monoculture or mixture soil) and within plant species were 322 almost never significant (less than 13 OTUs in every case). Taken together, these results 323 confirmed that the composition of the rhizosphere microbiomes was determined by the 324 microbial community developed over time in the field biodiversity experiment and its 325 interaction with the particular plant species that provided the "root interface" in the pot 326 experiment in the glasshouse. Overall, when looking at the microbial community 327 composition of the normalized abundances of the 2'091 bacterial OTUs which were 328 significant in any of the comparisons, the rhizosphere microbiomes cluster according to 329 plant species and often also according to soil legacy, whereas plant legacies did not form 330 any apparent clusters (Fig. 5) . 331
Differences between the microbiomes from monoculture vs. mixture soils were 332 highly specific to each particular plant species (see Fig. 4 ). In total, 844 OTUs were 333 significantly differentially abundant between the two microbial soils if tested separately 334 for each plant species. The majority of them (566 OTUs) were unique to a given plant 335 species. Only 137 significant OTUs were identified if tested across all plant species (out 336 of which 23 were not among the 844 with significant differences in the plant species-337 specific comparisons). In contrast, 73.9 % of all OTUs identified as differentially 338 abundant between the control soil and the two microbial soil-legacy treatments were also 339 significant if tested across all plant species (972 out of 1'316 OTUs). On average per 340 plant species, 91 OTUs were more abundant in microbiomes from mixture than from 341 monoculture soil and 64 OTUs were more abundant in microbiomes from monoculture 342 than from mixture soil. Except for G. pratense, microbiomes from mixture soil always 343 had a higher number of OTUs with increased abundance than microbiomes from 344 monoculture soil. This was also true if tested across all plant species, where 105 and 32 345
OTUs exhibited increased abundance in microbiomes from mixture and monoculture soil, 346
respectively (see Table 2 ). Taken together, the microbiomes from soil with a legacy of 347 plant species mixtures were generally more diverse and contained individual OTUs with 348 higher abundance than the microbiomes from soil with a legacy of monocultures. 349
We assessed the taxonomy of the OTUs that were significantly differentially 350 abundant between microbiomes from monoculture and mixture soils (Fig. 4B, Table S7 ). 351
OTUs with increased abundance in microbiomes from monoculture soils were enriched 352
for Bacteroidetes (75 observed, 46 expected) and depleted for Firmicutes (1 observed, 13 353 expected) and unknown phyla (14 observed, 36 expected). OTUs with increased 354 abundance in microbiomes from mixture soils were enriched for Bacteroidetes (87 355 observed, 60 expected) and depleted for Firmicutes (5 observed, 17 expected) and 356 unknown phyla (11 observed, 47 expected); in addition, they were also depleted for 357 Actinobacteria (11 observed, 26 expected). 358
| DISCUSSION 359
Here we tested the hypothesis (i) that microbiomes obtained from soil from plant 360 mixtures are more diverse and differ in composition from microbiomes obtained from 361 soil from plant monocultures. Secondly, we hypothesized (ii) that plant species differ in 362 their microbiomes, and finally, (iii) that monoculture-type plants and mixture-type plants 363 differ in their rhizosphere microbiomes when inoculated with microbes from the same 364 soil. Overall, we found distinct differences between control and microbial soil treatments 365 in both microbial composition and richness thus confirming the anticipated establishment 366 of our microbial treatments. Moreover, we were able to show that microbiomes 367 originating from soils from plant monocultures and mixtures did differ, thereby 368 supporting our first hypothesis (i), however, this was only apparent in some host plant 369 species. This demonstrates (ii) that soil microbiome composition is strongly driven by the 370 host plant species identity directly or in interaction with the soil legacy. However, we 371 found almost no significant differences between microbiomes of monoculture-vs. 372 mixture-type plants, even when testing for interactions with host plant species identity or 373 with soil-legacy treatment and plant species. This provides little support for our 374 hypothesis (iii) that plants and their soil microbiome have been co-selected. However, it 375 is also possible that co-selection of microbes occurred at a taxonomic level for which the 376 resolution of 16S rRNA sequencing is too low (e.g., if plants selected different strains of 377 the same microbial species). 378
Taken together our findings demonstrate the composition of the soil microbiome is 379 shaped by the environment from which they originated in which plant diversity legacy 380 effects play a significant role, and by the identity of the host plant species with which 381 they associate during plant growth. 
Factors affecting microbiome diversity 398
Indeed, differences in bacterial OTU richness between microbiomes from 399 monoculture and mixture soil varied among the eight plant species (see Fig. 3B and Table  400 1). Considering that plant species identity was confounded with species composition of 401 plant mixtures in the Jena Experiment, it is possible that in part these differences were 402 due to key plant species being present or absent in these plant mixtures in the Jena 403
Experiment. However, a more diverse plant community always has a higher chance to 404 contain some particular species. In this sense, the presence of a key species may also be 405 considered as a biodiversity effect, sometimes referred to as "selection probability effect" 406 between the two soil-legacy treatments monoculture (mon) and mixture soil (mix) across 688 all eight plant species or for each plant species separately (contrast 3. in Table 2 ). A) Top: 689
Heat map with differences in abundance of the significant OTUs. Each row corresponds 690 to one OTU, each column to the contrast tested across all plant species ("all") or 691 separately for each plant species. Red or blue corresponds to an increased abundance of 692 an OTU in microbiomes from monoculture or mixture soils, respectively. White indicates 693 an insignificant difference (FDR > 0.01). Bottom: The drawing illustrates how 694 interactions between the plant species and the soil-legacy contrast can be inferred from 695 the heat map. B) OTU frequency (log2-transformed) of the phyla with at least 20 OTUs 696 in the entire data set. The remaining phyla were summarized as "others". The gray 697 polygon represents the background-distribution (all 4'339 OTUs passing the filters 698 described in Methods). Red and blue lines correspond to the frequencies of OTUs 699 identified as significantly more abundant in microbiomes from monoculture (mon OTUs) 700 and mixture soils (mix OTUs), respectively, within any of the plant species. Phyla with 701 significant enrichment/depletion in either of these sets are marked with asterisks (two-702 Figure 5 . t-SNE map of all samples sequenced and analyzed (excluding the outlier 707 "Sample492"). Control soils (squares) cluster separately. Within plant species (different 708 colors), microbiomes from monoculture soils (circles) and mixture soils (triangles) also 709 cluster separately, however, monoculture-and mixture-type plants within species and soil 710 treatments are associated with similar microbiomes. The map was generated using 711 normalized abundances of OTUs identified as significantly differentially abundant within 712 any of the contrasts tested in this study (2'091 OTUs, Table 2 ). Note that t-SNE 713 projection axes are arbitrary and dimensions are therefore not shown. 714 715 Notes: Df, degrees of freedom; %-SS, proportion of total sum of squares; P, error 719 probability 720 Table 2 . The number of OTUs exhibiting significant differential abundance in any of the contrasts tested in this study (FDR <= 0.01 721 and abs(logFC) >= 1; see Methods). 722
